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AbstrACt
Objectives We examined the effect of a telemedical 
coaching (TMC) programme accompanied with or 
without telemonitoring on weight loss in an occupational 
healthcare setting with a three-armed randomised 
controlled trial (NCT01837134 'Pre-results').
Methods Overweight employees (n=104, body mass 
index [BMI] ≥25 kg/m2) were invited by their medical 
corporate department and randomised into either a 
TMC group (n=34) or in one of the two control groups 
(C1, n=34; C2, n=36). TMC and C1 were equipped with 
telemonitoring devices (scales and pedometers) at 
baseline, and C2 after 6 months. Telemonitoring devices 
automatically transferred data into a personalised online 
portal. TMC was coached with weekly care calls in months 
3–6 and monthly calls from months 7 to 12. C2 had a 
short coaching phase in months 6–9. C1 received no 
further support. After the 12-month intervention phase, 
participants could take advantage of further company 
health promotion offers. Follow-up data were determined 
after 12 months of intervention and per-protocol (PP) and 
intention-to-treat (ITT) analyses were performed. Weight 
change was followed up after 36 months. Estimated 
treatment difference (ETD) was calculated for weight 
reduction.
results ETD from TMC to C1 (−3.6 kg 95% CI −7.40 
to −0.1, p=0.047) and to C2 (−4.2 kg [−7.90 to −0.5], 
p=0.026) was significantly different at the 12 months 
follow-up in the PP-analysis, but lost significance in the 
ITT analysis. All groups reduced weight after 12 months 
(−3.3 to −8.4 kg [5.5–10.3 kg], all p<0.01) and sustained 
it during the 36 months follow-up (−4.8 to −7.8 kg 
[5.6–12.8 kg], all p<0.01). ETD analyses revealed no 
difference between all groups neither in the PP nor in the 
ITT analysis at the 3 years follow-up. All groups reduced 
BMI, systolic and diastolic blood pressure and improved 
eating behaviour in the PP or ITT analyses.
Conclusions TMC and/or telemonitoring support long-
term weight reduction in overweight employees. The 
combination of both interventions points towards an 
additional effect.
trial registration number NCT01837134.

IntrOduCtIOn   
Positive energy balance and reduced physical 
activity are main reasons for weight gain.1 
Overweight not only increases the risk for 
several cardiometabolic diseases such as type 

2 diabetes and coronary heart disease,1 it is 
also associated with sick leave days as well 
as direct and indirect disease costs.2 There-
fore, a weight reduction of 5%–7% is gener-
ally recommended for overweight people to 
prevent the development of type 2 diabetes.3–5 
An analysis of the German socio-economic 
panel data estimated additional costs of 
€2.5–5.4 billion due to overweight-related 
and obesity-related sick leave days.2 In light 
of this background, companies should have 
an essential interest in effective healthcare 
programmes for weight management of their 
employees. Several worksite behavioural life-
style interventions have shown to be feasible 
and effective in improving risk factors such 
as overweight or increased HbA1c values.6 7 
However, occupational health settings have 
not been extensively investigated.7 8 In this 
context, telemedical and technology-based 
lifestyle interventions comprise several 
advantages over traditional clinical settings 
such as convenience, costs, and the ability 
to tailor plans and feedback to a partici-
pant’s individual needs. However, telemed-
ical lifestyle interventions are facing certain 
problems such as absence of face-to-face 
interaction and technological dependen-
cies.9 Furthermore, the present scientific 
discussion concerns the added value of 

strengths and limitations of this study

 ► Study investigates the effect of telemonitoring and 
telemedical coaching in a randomised controlled 
trial.

 ► Study focuses on a working population cohort of one 
company over 3 years.

 ► Body weight and telemetric data were recorded over 
3 years.

 ► Besides body weight reduction, anthropometric, lab-
oratory and behavioural parameters were measured 
at baseline and after 12 months of intervention.

 ► Data concerning education level, income, race and 
occupation type had not been collected due to legal 
regulations.
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telemedical coaching (TMC, self-monitoring of weight 
as well as physical activity plus continuous care calls) 
on pure telemonitoring (self-monitoring of weight and 
physical activity).10 11 In a previously published study, 
it has been shown that additional continuous human 
support via face-to-face or telephone interviews during 
a lifestyle intervention is essential and more effective in 
reducing weight than without human encouragement.12 
A continuous human-based health coaching not only 
offers participants an additional contact person for 
questions regarding a healthy diet (ie, low-carb diet for 
weight reduction), physical activity or medical issues, 
but also supports and motivates participants to focus on 
their goals.13 However, there is still the question whether 
there is a combined effect of TMC and telemonitoring in 
an occupational healthcare setting in long-term effects 
on weight control compared with telemonitoring alone. 
To examine this issue, we performed a three-armed 
randomised controlled trial with a cohort of overweight 
employees who self-monitored their weight and phys-
ical activity over 3 years. In this cohort we examined the 
effect of long-term TMC on weight loss in comparison to 
short-term TMC or telemonitoring alone.

MAterIAls And MethOds
study population
Overweight employees of the company Boehringer Ingel-
heim (BI) were invited by their medical corporate depart-
ment at the location Ingelheim, Rhineland-Palatinate, 
for a voluntary participation in the study. All participants 
received no compensation for their study participa-
tion. Details of the open-label BI employee cohort have 
been described previously.14 15 Inclusion criteria for the 
present study were a (1) BMI ≥25 kg/m2 and/or a (2) 
waist circumference >94 cm in men or >80 cm in women. 
Exclusion criteria comprised: (1) severe illness with inpa-
tient treatment during the last 3 months, (2) weight 
reduction >2 kg/week during the last month, (3) smoking 
cessation during the last 3 months, (4) medication for 
active weight reduction, (5) pregnancy and breastfeeding. 
The first participant was enrolled on 18 May 2013 and 
the last participant finished the 36 months follow-up on 
01 June2016.

randomisation and masking
Participants (n=104) were randomised with a 1:1:1 ratio 
into three parallel groups (TMC-group, n=34; first control 
group [C1], n=34; second control group [C2], n=36) 

Figure 1 Flow diagram. TMC, telemedical coaching.
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using an electronically generated random list (SAS PROC 
SURVEYSELECT) as shown in figure 1. In detail, each 
participant was assigned a serial study identification (ID) 
number. For each ID number, there was a closed enve-
lope with the group assignment. The allocation sequence 
was concealed from the participants, the study physician, 
and the outcome assessor. The data analyst was blinded 
after assignment to the interventions.

study design
Employees of BI were invited by their medical corporate 
department for the determination of anthropometric, 
clinical and behavioural data. The parameters age, sex, 
weight, height, waist circumference, blood pressure, 
pulse, triglycerides, total cholesterol, high-density lipo-
protein (HDL) cholesterol, low-density lipoprotein 
(LDL) cholesterol, haemoglobin A1c (HbA1c), fasting 
blood glucose (FBG), adiponectin and C reactive protein 
(CRP), eating behaviour, physical activity and quality of 
life were determined at baseline and after 12 months of 
intervention. Additionally, body weight was measured 
after 3, 6, 9, 12 and 36 months. Blood pressure and pulse 
were measured after a 5 min rest in a sitting position on 
both arms. Venous blood was collected by inserting an 
intravenous cannula into the forearm vein and labora-
tory parameters were analysed at the local laboratory of 
BI as described elsewhere.15 Validated self-reporting ques-
tionnaires were used to assess quality of life (Short Form 
[SF] 12 Questionnaire),16 physical activity17 and eating 
behaviour (German version of the 'Three-factor Eating 
Questionnaire' [TFEQ]).18

Participants of the TMC-group were equipped with tele-
monitoring devices (scale and pedometer; Fitbit, Boston, 
Massachusetts, USA) at baseline, and were coached 
with weekly care calls in months 3–6 and after that with 
monthly calls from months 7 to 12. Volunteers of the 
C1-group were also equipped with scales and pedome-
ters at baseline but received no further support during 
the study phase. TMC and C1-group were instructed to 
monitor their body weight and physical activity (step 
counter) during the whole 12 months intervention phase 
(figure 2). The C2-group had only a short-term coaching 
phase in months 6–9 and was also equipped with pedom-
eters and scales at the 6. month. C2-group participants 
were also instructed to monitor their body weight and 
physical activity. The telemonitoring devices automati-
cally transferred recorded data into a personalised online 
portal, which could be monitored from the participants 
and the coaches in the study centre (West-German Centre 
of Diabetes and Health, Düsseldorf Catholic Hospital 
Group, Düsseldorf, Germany). Following the 12-month 
intervention phase, participants were offered further 
company health promotion offers like seminars for a 
healthy lifestyle (topics: smoking cessation, healthy eating 
or physical activity), as described in detail elsewhere.14 15 
The coaching was performed by diabetes nurses trained 
in mental and motivational coaching who used a standard 
protocol for each call (online supplementary material). 

Each coaching should last for 30 min and results were 
discussed with the responsible study physician. The TMC 
contained a 'medical mental motivation programme' 
which was previously described19 20 and included informa-
tion about healthy diet, physical activity, subjective possi-
bilities for lifestyle change, data discussion and target 
agreements. The aim was to achieve at least a 5% weight 
reduction within 12 months. The present study was 
designed to identify whether TMC with or without tele-
monitoring devices can contribute to a reduction in body 
weight and whether one of those alone or the combina-
tion of both is more effective in reducing weight.

Patient and public involvement
There was no patient involvement regarding the research 
question, the outcome measures, the design, the recruit-
ment and the conduction of the study as well as for the 
assessment of the burden of the intervention. The partic-
ipants of the study will not be provided with the results of 
the study.

Outcomes
The primary endpoint of the study was the difference 
in body weight reduction after 12 months of interven-
tion between all of the groups. Secondary endpoints 
comprised (1) the difference of weight loss after 6 months 
in order to analyse the effect of TMC with or without tele-
monitoring devices versus no treatment (TMC vs C1 and 
TMC vs C2) and (2) the long-term weight reducing effect 
of all intervention arms over 3 years. Tertiary endpoints 
comprised changes in BMI, waist circumference, systolic 
and diastolic blood pressure, triglycerides, total choles-
terol, HDL cholesterol, LDL cholesterol, HbA1c, FBG, 
adiponectin, CRP, eating behaviour, physical activity and 
quality of life after 12 months of follow-up.

statistical analysis
Our sample size has been calculated (software: G*Power 
V.3.1) assuming that TMC leads to reduction of 3.7 kg (2.5 
SD) in body weight in the TMC group. For the C1 group 
as well as the C2 group reductions of 1.6 kg (2.5) and 
2.4 kg (2.5) were estimated. With a power of 80%, a signif-
icance level of 5%, and a dropout rate of 25% at least 35 
datasets per group were calculated, that is, a total of 105 
persons. Per-protocol (PP) analyses as well as intention-
to-treat (ITT) analyses were performed. Missing values 
were substituted by the ‘last-observation-carried-forward’ 
(LOCF) principle. Shown are means with SD (mean [SD]) 
or means with 95% CI (mean [95% CI]) as well as percent-
ages, as appropriate. ETD was analysed to determine 
differences in weight reduction between TMC and the 
control groups and ETD was adjusted to baseline values. 
Dichotomous variables were analysed by using the χ2 test. 
Friedman test with Dunn's multiple comparisons test was 
used to calculate within-group differences between time 
points. Kruskal-Wallis test with Dunn's multiple compari-
sons correction was applied for group comparisons. Level 
of significance was set at α=0.05. Statistical analyses were 

https://dx.doi.org/10.1136/bmjopen-2018-022242


4 Kempf K, et al. BMJ Open 2019;9:e022242. doi:10.1136/bmjopen-2018-022242

Open access 

performed using GraphPad Prism V.6.04 (GraphPad 
Software, San Diego, California, USA) and SAS statistical 
package V.9.3.

results
study population
One hundred and four volunteers were included into 
the study and randomly assigned into three groups. 
After beginning of the study, four participants decided 

not to take part anymore and n=14 dropped out during 
the first 3 months. Reasons for dropout were workload 
(n=4), lack of time (n=3) and inability to maintain the 
lifestyle change (n=7). However, all dropouts came to the 
study visits at the 36 months follow-up as a part of their 
general health check-ups. All volunteers (n=104) were 
used for ITT analyses, additionally, we performed also 
PP analyses with those participants who completed the 
12-month intervention. Fourteen per cent of the data 

Figure 2 Flowchart for the design of the study. At baseline, the TMC-group and C1-group were equipped with telemonitoring 
devices (scales and pedometers), and the C2-group 6 months later as well. TMC-group was coached with weekly care calls 
in months 3–6 and monthly calls from month 7 to 12. C2-group had only a short coaching phase with care calls in months 
6–9. TMC, telemedical coaching.
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were missing and replaced by the LOCF approach. No 
side effects or harms were reported. Baseline data did not 
differ between all of the three groups (table 1). However, 
there was a difference in age between the TMC-group 
and the C2-group in regard to the dropouts as shown in 
the online supplementary table 1.

Weight difference after 12 months of intervention between 
groups (primary endpoint)
Calculation of ETD for TMC to C1 revealed a signifi-
cant difference of −3.6 kg (−7.4; −0.1) (p=0.047) after 
12 months of intervention in favour of TMC in the 
PP analysis (figure 3A). This significance was lost after 
performing an ITT analyses. Furthermore, there was 
also a significant difference from TMC to C2 with −4.2 kg 
(−7.9; −0.5) (p=0.026) at the 12 months follow-up in the 

PP analysis. However, this difference was also lost after 
performing ITT analysis. In addition, significantly more 
participants of the TMC-group (63%; n=15; p=0.037) 
achieved a weight loss of at least 5% during the 12 months 
of intervention compared with the control groups (33% 
(n=10) of C1 and 31% [n=10] of C2; figure 3B) in the 
PP analysis.

Changes of weight until the 36 months follow-up (secondary 
endpoints)
Weight reduction was already significant after 6 months 
of intervention in those both groups, which had been 
equipped with telemonitoring devices at baseline (TMC 
and C1; table 2) (PP analysis). C2-group could not signifi-
cantly reduce weight. The ETD after 6 months from the 
TMC-group to C1-group was −2.0 kg (−4.7; 0.7) (p=0.142) 

Table 1 Baseline characteristics

TMC group (n=34) Control group C1 (n=30) Control group C2 (n=36)

Anthropometrics

  Sex (n) (male/female in %) 29 (85)/5 (15) 25 (84)/5 (16) 30 (83)/6 (17)

  Age (years) 51 (6) 48 (5) 51 (5)

  Weight (kg) 100 (18) 98 (15) 97 (18)

  Body mass index (kg/m2) 32 (7) 30 (4) 31 (4)

  Waist circumference (cm) 107 (13) 103 (10) 105 (13)

  Systolic blood pressure (mm Hg) 139 (14) 146 (14) 145 (16)

  Diastolic blood pressure (mm Hg) 90 (10) 89 (12) 89 (8)

Laboratory parameters

  Triglycerides (mg/dL) 154 (85) 178 (102) 176 (94)

  Total cholesterol (mg/dL) 209 (35) 206 (30) 203 (34)

  HDL cholesterol (mg/dL) 49 (11) 46 (14) 49 (13)

  LDL cholesterol (mg/dL) 141 (33) 137 (29) 134 (34)

  HbA1c (%) 5.7 (0.4) 5.6 (0.3) 5.9 (0.6)

  Fasting blood glucose (mg/dL) 100 (16) 97 (24) 100 (30)

  Adiponectin (µg/mL) 5.9 (3.5) 5.6 (5.8) 5.5 (4.4)

  C reactive protein (mg/dL) 2.5 (3.9) 2.5 (2.4) 2.1 (1.3)

Eating behaviour

  TFEQ—Cognitive control (au) 8.4 (3.5) 7.7 (3.2) 9.0 (3.8)

  TFEQ—Suggestibility (au) 6.4 (3.3) 5.3 (2.5) 5.6 (2.7)

  TFEQ—Hunger (au) 4.8 (3.1) 4.0 (2.6) 4.0 (2.5)

Quality of life

  SF12—Physical health (au) 50 (10) 51 (8) 52 (7)

  SF12—Mental health (au) 37 (6) 37 (6) 37 (5)

Physical activity

  FFkA—Sports per week (h) 1.2 (1.5) 1.2 (1.6) 2.4 (2.7)

  FFkA—Physically active per week (h) 7.8 (7.6) 7.8 (5.8) 8.8 (7.0)

Data are shown as mean (SD) or %; baseline data were compared between groups by using Kruskal-Wallis test with Dunn's multiple 
comparisons test.
There no differences between groups at baseline.
FFkA, Freiburger Questionnaire for physical activity; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
SF12, Short Form 12 Questionnaire; TFEQ, Three-factor Eating Questionnaire; TMC, telemedical coaching.
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and to the C2-group −5.3 kg (−8.0; −2.8) (p<0.001). This 
result was still significant in the ITT analysis (TMC vs C1: 
−0.5 kg [−2.9; 1.9] [p=0.675]; TMC vs C2: −3.9 [−6.1;

−1.4] [p=0.001]). Weight loss achieved after 12 months 
of intervention could be maintained until the 36 months 
follow-up in all of the groups. In detail, all three groups 
significantly reduced weight (TMC: −8.4 [−11.3; −5.4] kg; 
C1: −4.0 [−6.6; −1.8] kg; C2: −3.3 [−5.8; −0.8] kg). ETD 
analyses revealed no difference between all the groups 
neither in the PP nor in the ITT analysis at the 3 years 
follow-up.

Changes in clinical and behavioural parameters after 12 
months of intervention (tertiary endpoints)
All groups significantly reduced BMI, systolic and 
diastolic blood pressure and achieved improvements 

in aspects of eating behaviour as determined by PP and 
ITT analyses (online supplementary table 2). Changes in 
the remaining parameters did not reach statistical signifi-
cance neither in PP nor in ITT analyses.

dIsCussIOn
In the present study overweight employees of the 
company BI, equipped with telemonitoring devices (scale 
and pedometer) and/or supported by mental coaches, 
demonstrated large reductions of body weight after 12 
months of lifestyle intervention. In this three-armed 
randomised controlled trial, we could show that TMC 
and/or permanent telemonitoring lead to long-term 
reductions in body weight, even after 2 years of follow-up. 

Figure 3 Reduction of body weight. (A) Differences in weight changes between groups were analysed using χ2 test (*p<0.05). 
(B) Differences of weight loss between all groups were analysed using Kruskal-Wallis test with Dunn's multiple comparisons test 
(*p<0.05; **p<0.01; ****p<0.0001). TM, telemedical; TMC, telemedical coaching.

https://dx.doi.org/10.1136/bmjopen-2018-022242
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These weight changes were not significantly different in 
the ITT analysis between the groups. However, the results 
of the PP analysis point towards a possible treatment supe-
riority of the TMC-group regarding a long-term weight 
reduction. Other studies with different populations have 
also shown that TMC or telemonitoring can contribute 
to meaningful reductions of body weight of more than 
5%.21 22 In particular, monitoring of physical activity 
(measured by accelerometers), weight (daily recording 
of weight) and daily calorie intake seems to be crucial for 
weight management programmes, which is in line with 
our results.23

In the present study, TMC with telemonitoring 
compared with telemonitoring alone led to no signif-
icant difference in weight reduction at the 6 months 
follow-up. However, the within-group analysis with the 
PP approach revealed a larger reduction in body weight 
for the intervention with the combination of TMC and 
telemonitoring. There could be several reasons for the 
non-significance in the between-group analysis at the 
6 months follow-up. One reason could be that the circum-
stance of being observed and treated by its own company 
have led to an increased short-term healthy behaviour. 
Therefore, this subtle effect was lost after the 9 months 
or 12 months follow-up. On the other hand, with respect 
to the 12 months follow-up, long-term coaching/support 
seems to be more important and crucial than short-term 
coaching.24 This fact is also supported by the significant 
difference in the ETD analysis with the PP approach 
between the TMC-group with long-term coaching in 
comparison to the C2-group with short-term coaching. 

There were significant differences in weight reduction at 
the 9 or 12 months follow-up. However, these differences 
should be interpreted with caution as the ITT analysis 
revealed no statistical difference between both groups.

Another study examined the effects of in-person 
support (face-to-face) in comparison to TMC during 
a weight-loss intervention programme.22 Both lifestyle 
intervention approaches achieved a clinically relevant 
weight loss over a period of 24 months in obese patients. 
These results confirm our findings regarding the efficacy 
of TMC and underpin the potential of personal remote 
support. Therefore, TMC offers an effective solution for 
weight management support in the primary care, even 
without face-to-face contact,22 as it was shown in our study 
as well.

The increasing prevalence of type 2 diabetes, which is 
accompanied with an increase in pharmaceutical costs, 
represents a concerning burden for national healthcare 
systems.25 Accordingly, there is a strong need for alter-
native and cost-effective lifestyle-based approaches. The 
participants of the BI cohort had an HbA1c near to or in 
the pre-diabetic range and were obese (BMI >30) as well. 
A weight reduction of 5%–7% is generally recommended 
for these people based on the success of lifestyle interven-
tions to prevent the development of type 2 diabetes.3–5 In 
the present study, particularly, the TMC group achieved 
this target, even after 2 years of follow-up (−6.6% weight 
reduction).

A web-based weight management programme demon-
strated that particularly the combination of automated 
web-based monitoring and basic nurse support can 

Table 2 Course of weight reduction during the intervention

Time (months)
Weight loss in kg 3 6 9 12 36

TMC group

   Per protocol (n=24) −1.0 (−1.6; −0.5) −6.1 (−8.1; −4.1) −7.2 (−9.8; −4.6) −8.4 (−11.3; −5.4) −7.8 (−11.3; −4.3)

   P value <0.001 <0.001 <0.001 −8.4 (-11.3; −5.4) <0.001

   Intention-to-treat (n=34) −0.8 (−1.3; −0.4) −4.4 (−6.1; −2.8) −5.1 (−7.2; −2.9) −5.8 (−8.3; −3.3) −5.7 (−8.6; −2.9)

   P value <0.001 <0.001 <0.001 <0.001 <0.001

Control group C1

   Per protocol (n=30) −1.3 (−1.8; −0.8) −3.8 (−5.6; −2.0) −4.5 (−6.9; −2.2) −4.0 (−6.6; −1.8) −4.9 (−8.1; −1.8)

   P value <0.001 <0.001 <0.001 0.003 0.003

   Intention-to-treat (n=34) −0.7 (−1.5; −0.2) −3.7 (−5.4; 2.2) −4.5 (−6.8; −2.9) −4.0 (−6.7; −1.3) −4.9 (−7.9; −1.9)

   P value 0.002 <0.001 <0.001 0.004 0.002

Control group C2

  Per protocol (n=32) −0.6 (−1.1; −0.2) −0.4 (−2.2; 1.3) −4.5 (−6.7; −2.2) −3.3 (−5.8; −0.8) −4.8 (−7.9; −1.8)

  P value 0.010 0.619 <0.001 0.012 0.002

  Intention-to-treat (n=36) −0.6 (−1.0; −0.1) −0.4 (−2.0; 1.2) −4.0 (−6.1; −1.8) −2.5 (−4.9; −0.1) −4.2 (−7.0; −1.5)

  P value 0.010 0.607 < 0.001 0.044 0.003 

Differences at different time points compared with baseline are shown as mean (95% CI). Differences in weight loss within groups 
were compared with baseline and were analysed by using Friedman test with Dunn's multiple comparisons test. The overall 
frequency of missing data was 3%, 13%, 9%, 17% and 0% at the 3, 6, 9, 12 and 36-months follow-up.
TMC, telemedical coaching.
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provide an effective solution for weight management. 
In this study, it has been shown that additional human 
support is essential and more effective in reducing weight 
than without human encouragement. This relationship 
elucidates the necessity of external experts and coaching 
in telemedical interventions.12 However, it has been shown 
that telephone calls alone, without TMC and monitoring, 
are not enough to sustainably influence behaviour and 
reduce weight.10 11

Besides the reduction of body weight in all of the three 
groups, there were further relevant improvements in 
cardiovascular risk factors such as BMI and blood pres-
sure. Moreover, TMC led to significant improvements in 
different aspects of eating behaviour. In line with other 
studies with similar circumstances (web-based, app-based 
or SMS-based lifestyle interventions), external motiva-
tion, electronical reminders or personalised coaching 
can contribute to clinically relevant effects in cardiovas-
cular risk factors.22

The present study, as part of the prevention and health-
care programme of BI,15 was well tolerated. The overall 
dropout rate during the 12-month intervention was 14%, 
and no adverse events were reported. This low rate was 
also reported in patients with heart diseases during their 
cardiac rehabilitation (<10%) which was characterised by 
using telemedical devices (pedometers) and telephone 
coaching.26 Possible explanations for this low dropout 
rate could be the flexible and simple contact with health 
experts as well as the motivational support for lifestyle 
changes. Another explanation could be an enhanced 
compliance due to the subtle feeling of being observed.

The present study has certain strengths and limitations. 
One limitation is the high dropout rate in the TMC-group 
of 29% (10/34). In contrast, short-term coaching 
(C2-group) or no coaching (C1) led to only little dropout 
rates of 11% or 0% in the control groups (C2-group: 
4/36; C1-group: 0/30). This imbalance between the 
groups regarding the dropout rate could have affected 
the results as maybe only highly motivated participants 
remained in the TMC-group. Reasons for dropout were 
workload, lack of time and inability to stand the lifestyle 
change. However, the overall dropout rate of all three 
intervention groups was low (14%) and in line with other 
studies with comparable study durations.26 27 A possible 
explanation could be that the overweight employees had 
been invited by their medical corporate department for 
participation in this study. Therefore, there is the possi-
bility for a selection bias if only motivated employees 
volunteered. However, the randomisation procedure into 
one of the three parallel groups should have abolished 
any potential effect at the beginning of the study, particu-
larly, because baseline characteristics of the three groups 
were not different. According to the study size with 104 
participants, the results of the present study might not be 
generalisable or transferable to other non-occupational 
cohorts. However, the study of Luley et al demonstrated 
comparable dropout rates of 9%–12% during a 1-year 
lifestyle telemonitoring and coaching programme for 

weight loss in obese patients with metabolic syndrome 
in a non-occupational setting.23 Furthermore, the influ-
encing factor age should be considered when discussing 
the results of the TMC programme. In the present study, 
a middle-aged employee cohort took part at the inter-
vention study. To investigate the impact of the factor age 
on the weight reducing effect of TMC, linear regression 
analyses were performed and showed no effect of age on 
the primary outcome (data not shown). Especially older 
people could have problems with this modern healthcare 
approach,28 but a recently published work by us demon-
strated that even older persons (59±9 years) can benefit 
from a telemedical programme.13

Statistical adjustments to socioeconomic status, 
previous obesity treatment programmes or ethnicity were 
not performed since data concerning education level, 
income, race and occupation type had not been collected 
due to legal regulations. Therefore, there is the possibility 
that differences in outcomes between treatment groups 
may be due to participants’ unknown characteristics 
rather than to differences in the intervention.

Furthermore, missing values might have led to some 
reporting bias, but the conservative LOCF approach 
for imputation of missing data was applied. This LOCF 
procedure is a conservative method to estimate treatment 
effects of an intervention. Therefore, our results might 
have been underestimated by this approach, which should 
be considered when interpreting the data of the ITT anal-
yses. Another limitation is that there was the possibility 
following the 12-month intervention phase for the study 
participants to take advantage of further company health 
promotion offers. This could have affected the results of 
the within-group analysis as it might have led to an addi-
tional intervention effect.

The strengths of our study comprise that we (1) 
focused on a working population cohort of one company 
over 3 years, (2) that we performed a randomised and 
controlled trial with different combinations of TMC and 
monitoring, as well as (3) that we conducted a compre-
hensive metabolic characterisation.

The present study shows that personal remote support 
by TMC and/or telemonitoring can significantly support 
body weight reduction in overweight employees in an 
occupational health setting. This weight reduction could 
be maintained over 3 years. Although not supported by 
the ITT analysis, the PP analysis points towards a possible 
treatment superiority of TMC in combination with tele-
monitoring compared with coaching or telemonitoring 
alone. To confirm the tendency of our results, future 
studies need to be performed with larger sample sizes 
and should be controlled for different influences as 
described in the limitations. However, accompanied 
improvements in blood pressure, anthropometric param-
eters and aspects of eating behaviour indicate that TMC, 
especially in combination with telemonitoring, could be 
a promising tool for other companies to increase health, 
prevent weight gain and improve company affiliation of 
their employees.
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